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Abstract 


The distribution and conservation status of Ireland's protected plant species are key factors in 
maintaining biodiversity and ecosystem stability. This study mainly uses geographical 
information system (GIS) technology to conduct spatial analysis to assess the distribution 
patterns and conservation status of endangered plant species across Ireland. Through 
extensive data collection and GIS methods, this study identifies priority protected areas, 
assesses the effectiveness of current conservation strategies, and assesses temporal trends in 
species density. The results show that there are significant spatial differences in plant 
distribution between provinces, with certain species becoming dominant in different areas. 
The study highlights the importance of targeted conservation efforts to protect Ireland's 
unique plant species and highlights the need for ongoing monitoring and conservation 


initiatives. 
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1 Introduction 

Species of plants under protection play a crucial role in land-based ecosystems, enhancing 
biodiversity, the stability of these systems, and the provision of ecosystem services as stated 
by the European Commission (CBD 2010; European Commission,2011). In the case of 
Ireland, a nation celebrated for its abundant natural landscapes, it is critical to focus on the 
preservation of plant species to ensure the ecological balance and encourage the pursuit of 
sustainable growth ((NPWS 201). The safeguarding of plant species enjoys legal backing 
from both national and global conservation agendas, such as the EU Habitats Directive 
alongside the Convention on Biological Diversity (CBD). Goals set by these legal 
frameworks aspire to preserve and sustainably manage biodiversity, including plant species, 
by forming protected zones, efforts to restore habitats, and implementing conservation efforts 
targeted at specific species (DAERA 2017, Gribben, 2012; Gwyther& Fairweather, 2005).In 
Ireland, despite strong conservation efforts, numerous plant species are still under threat due 
to the loss of their natural habitats, changes in land use, the introduction of non-native 
species, shifts in climate, and various other human-induced factors (DAHG 2014; JNCC 
2014, Duffy, 2018; Fitzpatrick et al., 2021). It's crucial to evaluate the distribution and 
conservation statuses of endangered plant species to pinpoint conservation priorities, develop 
effective management plans, and track the results of these conservation efforts (Collen et al., 
2014; Tulloch et al., 2015, Fonseca & Netto, 2015; Fontaneto, 2011). Techniques in spatial 
analysis, like the use of Geographic Information Systems (GIS), are incredibly useful for 
understanding the distribution patterns of species, finding out where these plants prefer to 
live, and deciding where conservation efforts should be focused using detailed spatial data (, 
Rich et al., 2008, Elith and Lithwick, 2009; Franklin, Snelgrove, Thrush, Wall, & Norkko, 


2014). 


Thrush, Halliday, Hewitt, & Lohrer, 2008,2009). This study is aimed at deepening our 
knowledge of the distribution and conservation statuses of endangered plant species in 
Ireland by adopting a thorough approach to spatial analysis. By utilizing GIS technology and 
the data on species currently available, this research is set to explore the spatial dynamics of 
endangered flora, pinpoint areas that should be a priority for conservation, and judge how 
effective current conservation strategies are. The results from this study are anticipated to 
shed light on the specific conservation requirements of endangered plant species and 
contribute to the foundation of conservation planning and management strategies in Ireland 


that are backed by solid evidence (Brummitt et al., 2008). 


2 Literature Review 

Research in the past has underlined the critical role of evaluating both the distribution and the 
protection status of endangered plant species to aid biodiversity conservation and manage 
ecosystems effectively. (Mora & Sale, 2011, Nagelkerken et al., 2008) have pointed out the 
crucial role of geographic information systems (GIS) and other spatial analysis tools in 
mapping out where these protected species exist and determining which areas need 
conservation efforts the most. In a similar vein, Kneib (Kneib, 2011) undertook an extensive 
examination of the protection status of flora in European regions, calling attention to the 
urgent need for uniform monitoring techniques and the sharing of data. These pieces of 
research emphasize how combining spatial analysis with data on where species are found can 
help produce conservation plans that are backed by solid evidence. Advances in methods for 
spatial analysis have revolutionized the way scientists understand the distribution and 
preservation needs of endangered plants. Polidoro and others (Ellison, 2008; Polidoro et 
al.,2010, Li et al 2020) made use of habitat suitability models to forecast where endangered 


plants might thrive and spot the best habitats for conservation. Moreover, the merging of 


remote sensing technology with GIS has been crucial for examining habitat quality and 
fragmentation on a larger scale, which in turn, aids in crafting more effective conservation 
strategies (Wang and Liu, 2019, Bostrém et al., 2011, Monk et al., 2010; McLean et al., 
2016)). These innovative methodologies pave new paths for examining how species are 
spread out and help in making informed decisions on conservation priorities based on 


detailed spatial data. 


3 Methodology 

This research adopts Geographic Information System (GIS) technology as its core analytical 
framework, aiming to extensively examine the distribution patterns of protected plant species 
across Ireland via spatial analysis. The initial step involves gathering data on the occurrences 
of these protected plants from trusted entities, including the National Parks and Wildlife 
Service (NPWS) and various botanical gardens, referencing works like those by Smith and 
colleagues in 2018. These comprehensive datasets encapsulate details on the location 
occurrences, preferred habitats, and the conservation statuses of species. Following data 
collection, GIS methodologies are leveraged to refine the data through processes such as 
eliminating duplicates and correcting mistakes, alongside transforming coordinates to achieve 
spatial uniformity, as discussed by Hijmans (Hijmans, 2012, Wu & Smeins, 2000). With the 
datasets properly curated and ready, GIS's spatial analysis capacities come into play, 
facilitating the scrutinization of distribution trends, pinpointing habitat predilections, and 
marking out areas of conservation priority, drawing on insights from Lehner and Doll (Lehner 
& D6ll,2004). Integrating the occurrence data of the species with various environmental 
determinants like land cover, altitude, and climatic conditions allows for an in-depth 
exploration of the main elements that dictate species distribution and habitat viability, 


echoing the studies by Elith and Leathwick (Elith & Leathwick 2009). In essence, GIS 


emerges as a critical instrument in evaluating the distribution and conservation requirements 
of Ireland's protected plant species, thereby supporting the formulation of well-informed 


conservation tactics and management approaches (. Pharoet al.,2000). 


4 Results 


4.1 Geographic Distribution of Flora Species by Province in Ireland 
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Figure 1. Shows the geographic distribution of flora species and location 


4.2 Provincial Distribution of Common Flora Species in Ireland 
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Figure 2. Shows the geographic distribution of flora species and provinces 


4.3 Flora Observation Sites within Administrative Boundaries of Ireland 
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Figure 3. Shows the observation sites of Flora species and administrative boundaries 


4.4 Temporal Trends in Flora Species Distribution Across Ireland 


Temporal Trends in Flora Species Distribution: Graduated Classification 


0°00’ 90°00'E 180°00’ 


Temporal Distribution 


Temporal Trends in Flora Species 
1699,0000 - 1887,0000 
1887,0000 - 1902,0000 
1902,0000 - 1959,0000 

~ 1959,0000 - 1986,0000 

' 1986,0000 - 1993,0000 

yy) 1993,0000 - 1999,0000 

{9} 1999,0000 - 2006,0000 

M8) 2006,0000 - 2007,0000 

M8 2007,0000 - 2009,0000 

ME 2009,0000 - 2012,0000 

MB 2012,0000 - 2013,0000 

MH 2013,0000 - 2017,0000 

MM 2017,0000 - 2019,0000 

HM 2019,0000 - 2020,0000 

HM 2020,0000 - 2023,0000 

(5) Ireland 


90°00'N 
N.00006 


8°00’ 
10000 


°00’ 90°00'E 180°00’ 


1:1,560,491 


Figure 4. Shows the temporal trends in flora species 


5 Discussion 

The outcomes derived from the spatial analysis offer significant insights into the distribution 
patterns and conservation statuses of endangered plant species in Ireland. The spatial 
distribution of flora species across various provinces is depicted in Figure 1, emphasizing the 
areas of high concentration for these species (, Arponen et al, 2005, Aldridge & MclIvor, 
2003). The occurrence of flora species in Coal Channel, Courtown, Enfield, Clare Island 
Wicklow, Lambay, Culduff, Beal Castle, Murreagh, and Shull in provinces such as Leinster, 
Munster, Connacht, and Ulster highlight the extensive presence of these species throughout 
the nation. This spatial data plays a pivotal role in identifying priority conservation areas and 
implementing targeted management strategies to safeguard these endangered plant species. 
Figure 2 further clarifies the provincial distribution of familiar flora species in Ireland. 
Species such as Pennyroyal pale Dog-violet, Annual Knawel, Cottonweed, Heath, Cudweed, 
Oysterplant, Bog Orchid, Mudwort, Betony, Small whit Orchid, Killarney, and purple milk- 
vetch are documented across provinces like Leinster, Munster, Connacht, and Ulster (Le 
Saout et al. 2013, Aldridge & MclIvor, 2003; Gascho Landiset al., 2012). Comprehending the 
distribution patterns of these common flora species facilitates a more thorough evaluation of 
the overall plant diversity and conservation requirements across various regions of Ireland. 
Figure 3 shows plant observation points within the administrative boundaries of Ireland. 
Observation sites such as the railway line, Canal Lotts, Slane, Mass Hill, Fanet Moville, 
Greencastle, Rossqull, Greater Saltee; river banks; Lambay, Laytown and Foardree provide 
valuable data on the occurrence and abundance of plant species at specific sites. By 


overlapping observation points with administrative boundaries, this spatial analysis allows for 


a better understanding of finer-scale distribution patterns and enables more targeted 
conservation efforts (Nagel, 2004; Nagel et al., 2007; Reis, 2003; Morales et al., 2004; 
Varandas et al., 2013; Lois et al., 2014). Figure 4 shows the temporal distribution of plant 
species in Ireland from 1699 to 2023. The analysis shows that the density of plant species 
increased significantly across Irish provinces from 2012 to 2023. This temporal trend 
highlights the importance of continued monitoring and conservation efforts to protect 
endangered plant species and reduce threats to their habitats (Le Saout et al. 2013; Fitzpatrick 
et al., 2021). Overall, the spatial analysis performed in this study provides valuable insights 
into the distribution, abundance, and conservation status of endangered plant species in 
Ireland. By using GIS technology and a comprehensive dataset, this research contributes to a 
better understanding of the ecological dynamics and conservation needs of Ireland's unique 


plant species. 


6 Conclusion 

In conclusion, the present study has illustrated the importance of spatial analysis in assessing 
Ireland's distribution patterns and conservation statuses of protected flora species. Through 
the application of Geographic Information System (GIS) technology and comprehensive 
datasets, the spatial distribution of flora species across distinct provinces has been delineated, 
priority areas for conservation efforts have been identified, and temporal trends in species 
density have been evaluated (Collen et al., 2014; Tulloch et al., 2015). The results of this 
investigation emphasize the prevalence of endangered plant species throughout Ireland and 
emphasize the necessity of implementing focused conservation strategies to safeguard these 
valuable ecosystems. Through the integration of spatial analysis with environmental data, 
valuable insights have been obtained regarding the factors influencing species distribution 
and habitat sustainability (Elith & Leathwick, 2009; Wang & Liu, 2019). Advancing further, 
it is crucial to persist in the surveillance and preservation of the flora species in Ireland to 
guarantee the maintenance of biodiversity and the durability of ecosystems. This necessitates 
cooperative endeavors involving governmental bodies, conservation groups, and residents to 
execute efficient management strategies and safeguard Ireland's natural inheritance for 


subsequent generations (Ca*nedo-Arg’uelles et al., 2013). 
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